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§15. Design of a Millimeter Wave 
Interferometer for CHS 
Suzuki, C., Kawahata, K., Matsuoka, K. 
A new single-channel millimeter wave interferometer 
system has been prepared as a convenient tool for mon-
itoring line-averaged electron densities in CHS plasmas. 
Figure 1 shows a block diagram of the millimeter wave 
part of the circuit. The millimeter wave signal for prob-
ing is generated by a Gunn diode tuned to 140 GHz. 
Nominal output power of this diode is 45 m W (16.5 
dBm) . After a passage of an isolator, this signal is di-
vided into probing and reference signals by a 10 dB 
directional coupler. The probing signal is transmitted 
to the plasma via oversized waveguide (for X band) to 
reduce transmission loss. Theoretical loss rate of 140 
GHz signal is 0.22 dB/m in X band waveguide. The 
total length of the oversized waveguide to and from the 
plasma is about 23 m. Bandpass filters (10 GHz band-
width) are inserted before and after the transmission 
line to suppress ECH noises. 
The other Gunn diode tuned to 139 GHz is used as 
a local oscillator (LO) for heterodyne detection of the 
140 GHz signals. The probing and reference signals are 
separately mixed with the LO signal by GaAs Schottky 
barrier diode (SBD) detectors. The resulting intermedi-
ate frequency (IF) signals of 1 GHz are introduced into 
the IF part of the interferometer, in which the signals 
are finally downconverted to TTL signals of 1 MHz with 
preserving their relative phases. The circuit of the IF 
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Fig. 1. Block diagram of 140 GHz millimeter wave 
interferometer for CHS. 
part is the same as that used for LHD.l) The 1 MHz 
TTL signals are fed to a digital fringe counter2) to get 
a signal corresponding to fringe shift between probing 
and reference signals. 
Figure 2 shows the layout of transmission chord, horn 
antennas and the vacuum vessel. Two horn antennas 
for radiating and receiving signals are attached to in-
board and outboard ports of the vacuum vessel, respec-
tively. The length and aperture size of the antennas 
are 200 mm and 42x42 mm, respectively. The distance 
between the mouths of the two antennas is 72.0 cm. 
The size of the waveguide is red uced from X band to 
R band by tapers before entering horn antennas. Vac-
u urn windows are inserted between horn antennas and 
waveguides to fix the antennas inside the vacuum ves-
sel. The transmission chord is adjusted to be along the 
horizontal midplane of the CHS plasma. Chord length 
and line-averaged density needed for 1 fringe shift are 
50.78 cm and 2.1xl012 cm- 3 , respectively, for standard 
configuration of CHS (Rax = 92.1 cm). Rough outline of 
the outermost flux surface of the standard configuration 
is also drawn in Fig. 2. 
The installation of the system has been completed 
in this fiscal year, and we are ready to proceed to the 
testing phase. 
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Fig. 2. Layout of transmission chord and horn anten-
nas. Rough outline of the outermost flux surface of-the 
standard configuration plasma (Rax =92.1 cm) is also 
shown. 
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